A Gram-stain-negative, non-motile, yellow, endophytic bacterium, designated G16-7 T , was isolated from the root of Suaeda corniculata in Inner Mongolia, northern China. Phylogenetic analysis, based on the 16S rRNA gene, revealed that strain G16-7 T belonged to the genus T and Flavobacterium shanxiense YF-2, ranging from 92.7 % to 94.9 %. The predominant fatty acids of strain G16-7 T were iso-C 15 : 0 , summed feature 3 (consisting of C 16 : 1 v7c and/or C 16 : 1 v6c), iso-C 17 : 0 3-OH and summed feature 9 (consisting of iso-C 17 : 1 v9c and/or C 16 : 0 10-methyl), while MK-6 was the major respiratory quinone. The major polar lipids were phosphatidylethanolamine, an unknown phospholipid, an unknown aminophospholipid, four unknown aminolipids and three unknown lipids. The genomic DNA G+C content of the strain was 34.2 mol%. Based on the phenotypic and genotypic characteristics, strain G16-7 T is considered to represent a novel species of the genus Flavobacterium, for which the name Flavobacterium suaedae sp. nov. is proposed. The type strain is G16-7 T (5CGMCC
T and Flavobacterium shanxiense YF-2, ranging from 92.7 % to 94.9 %. The predominant fatty acids of strain G16-7 T were iso-C 15 : 0 , summed feature 3 (consisting of C 16 : 1 v7c and/or C 16 : 1 v6c), iso-C 17 : 0 3-OH and summed feature 9 (consisting of iso-C 17 : 1 v9c and/or C 16 : 0 10-methyl), while MK-6 was the major respiratory quinone. The major polar lipids were phosphatidylethanolamine, an unknown phospholipid, an unknown aminophospholipid, four unknown aminolipids and three unknown lipids. The genomic DNA G+C content of the strain was 34.2 mol%. Based on the phenotypic and genotypic characteristics, strain G16-7 T is considered to represent a novel species of the genus Flavobacterium, for which the name Flavobacterium suaedae sp. nov. is proposed. The type strain is G16-7 T (5CGMCC The genus Flavobacterium, type genus of the family Flavobacteriaceae, was established by Bergey et al. (1923) and significantly emended by Bernardet et al. (1996) . Members of the genus Flavobacterium are primarily Gram-stainnegative rods, forming yellow colonies. Menaquinone 6 (MK-6) is the major respiratory quinone, while C 15 : 0 , iso-C 15 : 0 , iso-C 15 : 1 G, iso-C 15 : 0 3-OH, summed feature 3 (C 16 : 1 v7c and/or C 16 : 1 v6c), iso-C 16 : 0 3-OH, iso-C 17 : 1 v9c and iso-C 17 : 0 3-OH are the predominant fatty acids, and the genomic DNA G+C contents are in the range of 30-52 mol% (Bernardet & Bowman, 2006 Bernardet et al., 1996) . Species of the genus Flavobacterium have been isolated from various habitats, including seawater (Bhumika et al., 2013; Fu et al., 2011; Yi et al., 2005) , freshwater (Chen et al., 2013; Kacagan et al., 2013; Kang et al., 2013; Kim et al., 2014; Lee et al., 2013; Qu et al., 2009) , high-arsenic sediments (Ao et al., 2014) , wastewater (Aslam et al., 2005; Liu et al., 2010; Yoon et al., 2009) , soil (Dong et al., 2013a, b; Kim et al., 2006) , farmland (Chen et al., 2014; Kim et al., 2006; Liu et al., 2008) , river sludge (Zhang et al., 2015a) , marine sediment (Fu et al., 2011; algae (Miyashita et al., 2010; Nedashkovskaya et al., 2014) , compost (Kim et al., 2011 (Kim et al., , 2012a , rhizosphere soil (Madhaiyan et al., 2010; Son et al., 2013; Xiao et al., 2011; Zhang et al., 2015b) , a glacier (Zhang et al., 2006) and a plant (Kämpfer et al., 2015) .
During an investigation into the saline soil microbial community, Suaeda corniculata was sampled from banks of Wuliangsuhai lake (1088 429 E 408 549 N), Bayannaoer, Inner Mongolia, northern China, and used for strain isolation. Roots were washed twice with distilled water and surface sterilized by stepwise washing in 70 % (v/v) ethanol for 5 min, 5.0 % (w/v) NaClO for 10 min and 70 % (v/v) ethanol for approximately 10 s and finally washed twice with distilled water. Approximately 1.0 g root was crushed with a sterile mortar and pestle, followed by dilution with 0.9 % saline. The diluted mixture was then plated on LuriaBertani agar (LB: tryptone 10 g l
21
, yeast extraction 5 g l
, NaCl, 10 g l
, agar, 20 g l 21 , pH 7.0) and incubated at 30 8C in the dark for 5 days. To confirm the disinfection efficiency, parts of the washed root segments were placed on LB agar and incubated under the same conditions. The colonies were transferred and purified by repeatedly streaking on LB agar; a yellow bacterial strain, designated G16-7
T , was obtained. After growth in LB medium, cells of strain G16-7 T were harvested for extraction of the genomic DNA and amplification of the 16S rRNA gene using a previously described protocol (Wang et al., 2010) . After ligation into the pMD19-T vector (TaKaRa, Dalian) by following the manufacturer's instructions, the amplified 16S rRNA gene fragment was sequenced. The almost complete 16S rRNA gene sequence (1475 nt) was first compared with the available DNA sequences in the GenBank by using the BLAST tool (http://blast.ncbi.nlm.nih.gov) to determine the strain's approximate taxonomic affiliation. After conducting a multiple alignment of the data using CLUSTAL X software (Thompson et al., 1997) , phylogenetic analysis was performed using the software package MEGA version 6.1 (Tamura et al., 2013) . Phylogenetic trees were then reconstructed with the neighbour-joining (Saitou & Nei, 1987) , UPGMA (Sneath & Sokal, 1973) and minimumevolutionary (Rzhetsky & Nei, 1992 , 1993 algorithms. Tree topology was assessed by the bootstrap resampling method with 1000 replicates (Felsenstein, 1985) . Similarities between strain G16-7 T and its relatives were evaluated by using the EzTaxon-e server (http://eztaxon-e.ezbiocloud. net/; Kim et al., 2012b) . The neighbour-joining phylogenetic tree revealed that strain G16-7
T clustered with Flavobacterium rakeshii FCS-5 Flavobacterium terrae R2A1-13 T (EF117329) T with the 16S rRNA gene similarities being 94.9 %, 94.8 %, 94.8 %, 94.5 %, 94.4 % and 92.7 %, respectively (Fig. 1) . These similarities were all below 97 %, the minimum threshold for proposing a novel species without DNA-DNA hybridization (Stackebrandt & Goebel, 1994 The genome DNA G+C content was determined by the thermal denaturation method (Mandel & Marmur, 1968) using DNA from Escherichia coli K-12 as a standard reference. For determining the cellular fatty acids, cells of strain G16-7 T and the reference type strains were grown on trypticase soy agar (TSA; Difco) at 30 8C and were all harvested at the exponential growth phase (24 h). The fatty acid methyl esters were prepared and identified following the instructions of the Microbial Identification (MIDI) system as described previously (Sasser, 1990) . Polar lipids were extracted with the chloroform/methanol method, examined by two-dimensional TLC and identified according to Kates (1986) . Menaquinones were extracted with chloroform/methanol (2 : 1, v/v) and analysed using HPLC as described by Komagata & Suzuki (1987) . The G+C content of the genomic DNA was determined to be 34.2 mol%, within the range reported for the genus Flavobacterium (30-52 mol%; Ali et al., 2009; Bernardet & Bowman, 2011; Liu et al., 2010) . The cellular fatty acids of strain G16-7
T and its relatives are listed in Table 1 . The major fatty acids of strain G16-7
T were iso-C 15 : 0 (33.5 %), summed feature 3 (consisting of C 16 : 1 v7c and/or C 16 : 1 v6c; 16.3 %), iso-C 17 : 0 3-OH (13.2 %) and summed feature 9 (consisting of iso-C 17 : 1 v9c and/or C 16 : 0 10-methyl; 10.1 %), similar to those of F. rakeshii FCS-5
T and other strains of species of the genus Flavobacterium, but with differences in the relative amounts of some fatty acids. The predominant isoprenoid quinone of strain G16-7
T was MK-6 (99.3 %), similar to strains of species of the genus Flavobacterium (Table 2) , while trace amounts of MK-7 (0.7 %) were also detected in strain G16-7 T . The major polar lipids of strain G16-7
T were phosphatidylethanolamine, an unknown phospholipid, ; they all had phosphatidylethanolamine and several unknown lipids and aminolipids as the major polar lipids. However, one unknown aminophospholipid and one unknown phospholipid were present in G16-7 T , but absent in the other three strains (Fig. S3) . This polar lipid profile and the predominant isoprenoid quinone all support the affiliation of strain G16-7 T to the genus Flavobacterium.
After cells of strain G16-7
T were grown on LB agar at 30 8C for 24 h, they were harvested, negatively stained with 1 % (w/v) phosphotungstic acid and observed by using transmission electron microscope (Hitachi-7000; Fig. S4 ). Gram-staining and endospore formation were investigated as described by Smibert & Krieg (1994) . The growth of strain G16-7 T was assessed at various temperatures (4, 10, 15, 20, 25, 28, 30, 33, 35, 40 and 45 8C) and pH values (4, 5, 6, 7, 8, 9 , 10 and 11; adjusted with HCl or NaOH) by using LB broth as the basal medium. NaCl tolerance was tested using modified LB broth (without NaCl) supplemented with 0-9 % (w/v) NaCl (at 1 % intervals). Antibiotic sensitivity tests were performed using the diffusion method (Fraser & Jorgensen, 1997) on LB agar and MuellerHinton agar with filter-paper discs (8 mm diameter) containing one of the following antibiotics: ampicillin (10 mg), amoxicillin (10 mg), bacitracin (0.04 U), carbenicillin (100 mg), cefradine (30 mg), chloromycetin (30 mg), erythromycin (15 mg), gentamicin (10 mg), kanamycin (30 mg), lincomycin (2 mg), novobiocin (30 mg), penicillin G (10 U), polymyxin (300 I), rifampicin (5 mg), roxithromycin (15 mg), spectinomycin (100 mg), streptomycin Kaur et al. (2012) and Yang et al. (2015) . The data for columns 1-6 were from this study. All strains were positive for esterase lipase (C8), leucine arylamidase, naphthol-AS-BI-phosphohydrolase, alkaline phosphatase, acid phosphatase, but negative for a-chymotrypsin, nitrate reduction (API 20NE), indole production (7 no data), arginine dihydrolase (7 no data), urease (7 no data), a-mannosidase, N-acetyl-b-glucosaminidase, b-Glucuronidase and a-Fucosidase. +, Positive; 2, negative; +(W), weakly positive; V, variable; NR, not reported. (10 mg), trimethoprim (5 mg), tetracycline (30 mg) and vancomycin (30 mg). Oxidase and catalase activities were evaluated by adding oxidase reagent (bioMérieux) and 3 % hydrogen peroxide solution to the fresh colony (Dong & Cai, 2001) . Other biochemical characteristics were tested using API 20NE kits and API ZYM (bioMér-ieux) according to the manufacturer's instructions, the positive results of API 20NE tests were confirmed using traditional methods (Dong & Cai, 2001 ). The closely related reference strains F. rakeshii FCS-5 T , F. suzhouense XIN-1 T , F. beibuense F44-8 T , F. hauense BX12 T and F. shanxiense' YF-2 were tested simultaneously under the same conditions. Strain G16-7
T was resistant to kanamycin, penicillin G, gentamicin and streptomycin, but sensitive to vancomycin, rifampicin, trimethoprim, cefradine, chloromycetin, polymyxin, tetracycline, bacitracin, spectinomycin, lincomycin, ampicillin, erythromycin, novobiocin, carbenicillin, amoxicillin and roxithromycin. Other phenotypic features of strain G16-7 T are listed in the species description and in Table 2 .
The phylogenetic, phenotypic, chemotaxonomic and morphological data all supported that strain G16-7
T represents a novel species of genus Flavobacterium, for which the name Flavobacterium suaedae sp. nov. is proposed.
Description of Flavobacterium suaedae sp. nov.
Flavobacterium suaedae (su.ae'dae. N.L. gen. n. suaedae of the plant Suaeda corniculata, referring to the isolation of the type strain from the roots of Suaeda corniculata).
Cells are strictly aerobic, Gram-stain-negative, motile, non-spore-forming, short rods, 0.4-0.6 mm in width and 0.9-1.2 mm in length. Colonies on LB are circular with regular borders, yellow, mucoid, opaque and usually 3-4 mm in diameter within 48 h at 30 uC. Cells can also grow on TSA, and NA agar, but not on R2A agar. Grows at 15-40 uC (optimum, 30-33 uC), pH 6.0-8.0 (optimum, pH 6.0) and 1.0-8.0% (w/v) NaCl (optimum 4.0%). Positive for the activities of alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, acid phosphatase, naphthol-AS-BI-phosphohydrolase, oxidase, starch hydrolysis and glucose fermentation, but negative for the activities of valine aryamidase, aesculin hydrolysis, cystine arylamidase, trypsin, a-glucosidase, b-glucosidase, catalase, nitrate reduction, indole production, arginine dihydrolase, urease, gelatin hydrolysis, b-galactosidase, lipase (C14), a-chymotrypsin, a-galactosidase, b-galactosidase, b-glucuronidase, N-acetyl-b-glucosaminidase, a-mannosidase, a-fucosidase, the methyl red reaction. Cannot assimilate D-glucose, L-arabinose, D-mannose, N-acetylglucosamine, sucrose, a-lactose, D-fructose, D-galactose, D-sorbitol, D-xylose, L-rhamnose and maltose, potassium gluconate, capric acid, malic acid, trisodium citrate, D-mannitol, malic acid, raffinose, propionate, L-tartrate, succinate, inositol, a-ketoglutarate, glutamate, L-arginine, xylitol, ethanol, methanol and phenylacetic acid as the sole carbon source in minimum basal medium. The major fatty acids are iso-C 15:0 , summed feature 3, iso-C 17:0 3-OH and summed feature 9. The major respiratory quinone is MK-6. The major polar lipids are phosphatidylethanolamine, an unknown phospholipid, an unknown aminophospholipid, four unknown aminolipids and three unknown lipids.
The type strain, G16-7 T (5CGMCC 1.15461 T 5KCTC 42947 T ), was isolated from the root of Suaeda corniculata in Inner Mongolia, northern China. The genomic DNA G+C content of the type strain is 34.2 mol%.
